were black suggests the current and recent demand for black plastics in particular is 56 met, at least partially, through this route. Given many Br-contaminated items would 57 3 evade the attention of the end-user and recycler, their disposal by conventional 58 municipal means affords a course of BFR entry into the environment and, for food-59 contact items, a means of exposure to humans. 60 61
Introduction
or electromagnetic fields in order to work, and includes small and large household 126 appliances, IT equipment, lighting, toys and tools. The latter, broader category was 127 further sub-categorised as food-hygiene (food packaging, drinks bottles, cutlery, 128 flasks, lunch boxes, cosmetics, medicines), construction-storage (plumbing, worktops, 129 effective depth and flatness of thin or hollow samples analysed in the accessory stand, 163 items were cut (with scissors, pliers or a blade), folded or layered. The corrective 164 algorithm was employed for all samples whose measured thickness was less than 20 165 mm, while an estimated value was applied to objects and components whose interiors 166 were inaccessible or that were fixed to or components of walls, floors, windows, 167 doors and appliances. 168
169
In the laboratory, samples were placed on the stainless steel base plate of the 170 accessory stand with the measurement surface above the XRF detector window or, for 171 samples smaller than the 10 mm window diameter, on to a SpectraCertified Mylar 172 polyester 3.6 m film that was carefully suspended above. On closing the stand 173 shield, measurements with appropriate thickness correction and collimation (3 mm or 174 8 mm beam width) were activated through the laptop. Specifically, an initial, ~ 2-175 second matrix evaluation based on the measurement of characteristic chlorine peaks 176 (and defining PVC as Cl > 15% by weight) was succeeded by counting periods 177 equally distributed between a low energy range (20 kV and 100 A) and main energy 178 range (50 kV and 40 A). A 45-second counting period was normally adopted, but 179 periods of up to 200-seconds were employed for thinner, less attenuating materials. 180 Spectra were quantified by fundamental parameter coefficients to yield elemental 181 concentrations on a dry weight basis (in g g -1 ) and with a measurement counting 182 error of 2 (95% confidence) that were downloaded to the laptop via Niton data 183 transfer (NDT) software. For quality control purposes, plastic reference discs supplied 184 by the manufacturer and certified for 495+20 Thermo Scientific tungsten-PVC backscatter collar shield was clipped on to the nose. 197
As above, reference discs were analysed at the beginning and end of each 198 measurement session but while placed on a suitably solid and attenuating surface. 
Sample categorisation and characteristics 222
The number and categorisation of the XRF measurements is shown in Table 1 . Thus, 223 a total of 1056 analyses were performed on 1000 different samples, with multiple 224 measurements being performed on samples with distinctive components that could not 225 be separated (e.g. laptop casing, screen frame and keyboard; thermos flask handle, rim 226 and lid; the different coloured parts of various toys). In the electronic product 227 category 267 analyses were performed, with the majority of samples or components 228 (88%) being neutrally coloured (i.e. black, grey or white) and 16 being constructed of 229 PVC. Samples that were labelled indicated a roughly equal split between pre-and 230 post-WEEE Directive implementation (i.e. 2005) and a majority that was 231 manufactured in east Asia (principally China, but also Taiwan and Thailand); some 232 older items were marked as being "assembled" in Hong Kong or manufactured in the 233 UK. Analyses of non-electronic items revealed a higher proportion of PVC-based 234 materials in each sub-category with the exception of food-hygiene items, and a greaterpercentage of non-neutral colours amongst the samples (and >50% in the food-236 hygiene and leisure sub-categories); where indicated, most products were 237 manufactured in China, with a small proportion (< 10%) originating from the EU 238 (UK, Germany, Denmark and Austria). 239 240
Elemental analyses 241
Detection limits for Br (as 3) varied according to sample thickness and presence of 242 additional elements but within the operating conditions employed ranged from about 2 243 to 10 g g -1 ; detection limits for Sb and Pb ranged from about 60 to 120 g g -1 and 5 244 to 10 g g -1 , respectively. Regular analysis of the Niton reference discs revealed 245 elemental concentrations that were within 10% of certified values, while the precision 246 of measurements (of reference discs and a number of electronic and non-electronic 247 samples) was always better than 5%. Stacking offcuts of the same plastic casing to 248 between about 1 and 10 mm, or the thickness range encompassing more than 90% of 249 all samples, yielded results that were consistent when the thickness correction 250 algorithm was applied but that differed by around 15% (Br and Pb) was detected in about 24% of all analyses performed, and among the categories, 259 detection ranged from about 12% for food-contact items to 42% for electronicanalyses of which 106 were Br-positive and Pb was detected in 164 cases of which 88 264 were Br-positive, with the three elements co-existing in 46 cases. Antimony and Pb 265 were most frequently detected in electronic samples and, while association of either or 266 both elements with Br was most frequent amongst electronic items on a number basis, 267
Pb was more frequently associated with the halogen on a percentage basis among the 268 food-hygiene items. Co-associations of Br with Sb and/or Pb were most commonly 269 encountered in electronic items that were neutrally coloured and in non-electronic 270 samples that were black. 271 272 post-WEEE Directive. Concentrations between 10,000 g g -1 and 100,000g g -1 were 284 encountered in a higher proportion of small electrical items or components that had 285 been manufactured post-WEEE Directive, including a number of printed circuit 286 boards and remote controls, the collars of energy-saving lightbulbs, various 287 components of several computer mouses and a smoke detector. Among the electronic 288 goods, decreasing Br concentration was accompanied by a distinctive shift in the 289 coloration of the plastic casing. Thus, of the 15 products ranked highest in terms of Br 290 concentration, 10 were white and one was black, while of the 15 products ranked 291 lowest, one was white and 10 were black. 292 293 Regarding non-electrical items, the highest concentrations (> 10,000 g g -1 ) were 298 encountered in the stick-shaped beads of a necklace, the painted beads of two 299
Christmas garlands and the main body of a child's puzzle from a Christmas cracker; 300 concentrations above 1000 g g -1 were found in a variety of samples from each sub-301 category that included a disposable coffee stirrer, the plastic decorations on a pair of 302 earrings, various clothes hangers, a segment of sink piping, a picture frame and the 303 Figure 1 , the concentrations of Sb are plotted against the concentrations of Br, 310 where both elements were detected, for electronic and non-electronic samples or 311 components that are discriminated according to colour. Also shown is the line 312 defining the optimum mass ratio of Sb to Br in commercial plastics amended with 313 both BFRs and oxides of Sb as a synergist (Sb:Br = 0.61; Papazoglou, 2004) . 314
Regarding electronic items (Figure 1a) , there was a significant ( = 0.05) correlation 315 between the two elements overall with an association that was strongest amongst 316 samples that were grey-coloured, while data that were close to the line of slope 0.61 317 were largely represented by small appliances or components that contained 318 concentrations of Br above 50,000 g g -1 . For the non-electronic items (Figure 1b) , 319 relationships between Sb and Br were neither significant overall nor on a colour basis, 320 but there was a greater number and proportion of data across a broader concentration 321 range that were close to the line of slope 0.61. 
